INTRODUCTION {#sec1-1}
============

Fractures of the humerus in patients with total shoulder replacement are rare and difficult to address. Due to the increasing numbers of total shoulder replacements every year, especially in older patients, periprosthetic fractures are becoming more frequent. The incidence of periprosthetic fractures in the humerus is reported to be between 1.6% and 2.4%.\[[@ref1][@ref2]\] Risk factors include osteoporosis, rheumatoid arthritis, age and female gender.\[[@ref1][@ref3]--[@ref5]\] The treatment of periprosthetic humeral fractures depends on the location of the fracture in relation to the humeral stem and the stability of the stem/bone interface.\[[@ref2][@ref4][@ref5]\] Notably, an unstable prosthesis necessitates an anatomic reduction, followed by revision to a long-stemmed prosthesis. When the prosthesis is stable, fracture reduction and fixation is recommended. The overall treatment goal is to preserve the pre-fracture shoulder function, reduce pain with early functional treatment and achieve fracture healing. Therefore, operative and conservative treatment options are available.\[[@ref6]--[@ref10]\] Conservative treatment with bracing and immobilization provides limited patient comfort, especially in elderly patients, and is only suitable for fractures proximal or distal to the stem/bone interface with a stable prosthesis (Campbell type I and IV).\[[@ref4]\]

Operative fracture stabilization in patients with a stable prosthesis allows early mobilization and anatomic fracture reduction. The main problem in open reduction and fixation of periprosthetic fractures is the poor bone quality in the elderly patient and the cemented or non-cemented stem of the prosthesis. Different fixation options are available that use plates, cables and cerclage wires or strut grafts for use as the cortical allograft.\[[@ref11]\] The goal of this technical note is to describe a simple and cost-efficient technique to achieve a stable plate fixation with standard AO (Arbeitsgemeinschaft für Osteosynthefragen) implants in periprosthetic fractures of the humerus

TECHNIQUE DESCRIPTION {#sec1-2}
=====================

For stable fixation of a periprosthetic humeral fracture with a stable prosthesis, a plate such as a 4.5 AO limited-contact dynamic compression plate (LC-DCP) or locking plate (LCP) is required to achieve adequate fixation strength. The use of long plates provides additional stability by reducing the lever arm of the bone fragments. The cortical 4.5 screws are difficult to place around the stem of the prosthesis sometimes due to osteoporotic and thin cement/bone interface. The combination of a 4.5 plate and cortical 3.5 screws can facilitate periprosthetic fixation. Therefore, we used the 4.5 AO LC-DCP or LCP and the 3.5 cortical self tapping screws with a washer (4.0 Königsee system), to fix the 3.5 screw head in the LCD-CP or LCP hole of the 4.5 plate \[[Figure 1](#F1){ref-type="fig"}\]. The 3.5 self tapping screws with washers were used to fix the 4.5 plates into the proximal fragment around the prosthesis. After predrilling with the standard AO 2.5 mm drill (steel) close to the prosthesis into the bone cement interface, the 3.5 self tapping screws were inserted. Angulation of the screws and the alternating hole-offset of the 4.5 AO plates allowed a safe fixation of the screws along the prosthesis \[[Figure 2](#F2){ref-type="fig"}\]. At the non-prosthetic fracture side, normal 4.5 screws or LCP screws were implanted \[[Figure 3](#F3){ref-type="fig"}\].

![3.5 cortical screw with a washer fits into a large 4.5 AO LC-DCP (limited-contact dynamic compression plate)](IJSS-5-105-g001){#F1}

![Insertion of the screws around the prosthesis in a sawbone model. An angulation of the 3.5 screws (with washers) within 45 degrees is possible](IJSS-5-105-g002){#F2}

![Patient one and two, two years after open reduction and internal fixation with the periprosthetic combination of 3.5 cortical screws with washers and 4.5 plates](IJSS-5-105-g003){#F3}

PATIENTS {#sec1-3}
========

Two female patients aged 75 and 60 years sustained periprosthetic fractures of the humerus after falling on the outstretched arm. Both shoulder prostheses were cemented and stable. The fracture type was a spiral Campbell type III in both patients.\[[@ref4]\] Bone quality was poor due to osteoporosis. Both patients were treated operatively with a 4.5 AO plate (small in one and large in the other) patient, with 3.5 cortical screws fixed with washers around the cemented stem of the prosthesis in each patient \[[Figure 3](#F3){ref-type="fig"}\]. The plates were placed anteriorly and anterolaterally. Both patients were moved to a functional rehabilitation program immediately after surgery. No immobilization was required. Both patients achieved preoperative level of range of motion (ROM) and shoulder function after fracture healing.

DISCUSSION {#sec1-4}
==========

The incidence of periprosthetic fractures is increasing among elderly patients due to the increasing age of the population and the rising numbers of joint replacements.\[[@ref12]\] The incidence of periprosthetic humeral fractures after shoulder arthroplasty is rather low compared to the incidence of periprosthetic fractures around the hip or knee.\[[@ref13][@ref14]\] Moreover, a functional deficit of the upper extremities becomes even more debilitating in elderly people after these injuries, as overall mobility is reduced. Therefore, the overall goal in periprosthetic fracture treatment of the humerus is to restore the function of the upper limb. Different conservative and operative treatment options are available. The conservative treatment is very restrictive for the patient due to the long immobilization time period in a sling or a brace. This approach is also associated with frequent skin problems and is only suitable for fractures distal or proximal to the prosthesis with a spiral component; and, no cement at the fracture site. Open reduction and fixation allows the patient to achieve prefracture-level mobility faster than the conservative treatment approach. The main problems encountered in the elderly patients while administering the operative treatment approach are the poor bone quality and the periprosthetic fixation.

Different plate modifications have been described, including the Dall-Miles plate with cerclage cables.\[[@ref15]\] The cable fixation technique compromises soft tissues due to the circular deperiostation of the bone; and therefore, is frequently not used. Until now, there have been no plate systems available that combine small screws with 4.5 plates. For a good periprosthetic fixation, a small screw diameter and the ability to place the screw at different angles are crucial. Using small 3.5 cortical screws with washers in a large LCP 4.5 plate allows surgeons to achieve successful periprosthetic fixation and stable angle fixation, with the LCP screws above or below the prosthesis. In the future, it would be preferable to have the ability to combine both 3.5 and 4.5 systems with multidirectional- angled stable screws.

CONCLUSIONS {#sec1-5}
===========

In periprosthetic fractures of the humerus, a combination of small 3.5 screws with washers in stable large 4.5 plates can ease open reduction and fixation. The use of washers in 4.5 plates is a cost-effective method that can be used to achieve stable periprosthetic fixation with small 3.5 cortical screws.
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